Organic Polymer carboxymethyl cellulose (CMC) (0.25, 0.50 and 1.5% solution) was incorporated in Ordinary Portland Cement (OPC) and its effect on compressive strength, setting time, porosity, corrosive resistance, density and water absorbance have been studied. Organic polymer retards the setting time and a small increase in compressive strength was observed after 90 days for 0.5% CMC. Addition of polymer has been found to be effective in improving the acid resistance of OPC. Interaction of CMC with OPC causes decrease in water absorption, porosity and chemically bound water. X-ray diffraction of OPC-CMC pastes after 4 months and 1 year display some new peaks as well as disappearance of few peaks showing interaction of CMC with hydrated cementitious pastes. Examination of microstructure reveals that fibre types of matters were formed in hardened cement paste.
Introduction
Polymer modified mortar (PMM) and concrete (PMC) have received considerable attention for more than seventy years and research works have been carried out in many countries to develop it. PMM and PMC have become the dominant material in construction industry and recently used as popular construction material (Fowler, 1990; Ohama, 1997) . Polymer modified concrete provides definite advantages over conventional concretes. Incorporation of polymer in a cementitious mix brings key advantages, particularly in terms of workability, durability, acid resistance due to its extremely low permeability (Singh et al., 2002) . Gebaur et al., (1971) have indicated that addition of polymer improves the strength, corrosion resistance and other properties of cement mortar. Flexural and compressive strength (CS) of cement are increased with the addition of organic polymer (Birchall et al., 1981) . The properties of the composites depend on the nature and quantity of polymer used. The effect of organic additives on the setting time, compressive strength and the other properties of cement have been reported by several workers (Propova et al., 2000) . Many studies of the mechanical and durability properties of those composite material can be found in the literature (Joshua, 1997) . Few cellulose based water soluble polymer such as hydroxymethyl cellulose (HMC), hydroxyethyl cellulose (HEC) and carboxymethyl cellulose have been reported (Kamal, 1995) as a high performance material for plastering and for underwater uses. In view of these considerations, the present study was undertaken and the effect of organic polymer on CS, setting time, porosity, density, water absorbance, chemically combined water and microstructure were studied.
Materials and Methods

Materials
i. Cement -Portland cement was supplied from CEMEX Cement Co. Ltd. The chemical composition of the cement is given in Table I . iv. Chemical analysis involves dissolution of cement in powder form and subsequent analysis by gravimetric method (ASTM). Iron oxide was determined by UVspectrophotometer.
Results and Discussion
Compressive strength (CS)
The results of the CS tests are shown in Fig. 1 . The incorporation of organic polymer has a distinct behaviour towards the development of strength of OPC. Initially the incorporation of 0.25 and 0.5 percent CMC lower the CS value of Polymer Cement Composition (PCC) after 7-days and 14-days but gradually the PCC starts gaining strength after 120 days and continues up to 365 days. Roy et. al., 1973 reported that organic set retarders increase the strength of the cement at late curing ages. The development of strength depends on the nature and amount of additive and W/C ratio (Paillere et. al., 1975) . When 1.5% CMC was used in PCC, a decrease in CS was observed after 7 and 28 days compared to OPC and other two PCC (0.25% and 0.5%). Therefore tests were not carried out after 28 days for 1.5% CMC. The strength of the PCC is dependent on the total porosity and particularly the pore size distribution. Present investigation reveals (Table III) porosity increases when CMC concentration was 1.5%. The study indicates that there is a certain limit of addition of polymer in the system as 1.5 percent CMC addition significantly decreases the compressive strength. According to semi-empirical model by Mikhail et al., 1984 which reveals that the strength of the PCC is a function of the volume of cement paste and the initial porosity of the sample, i.e. its residual porosity, the final strength of the composite cement is independent of the mechanical properties of the polymer. The higher strength developed when 0.5% CMC was incorporated might be due to pore-filling at the interface of cement-polymer which is the weaker point of the cementitious matrix. These inherent weak points in the cement mortar/concrete are due to heterogeneous components present in cement. If the interface is free of voids/pores, cement polymer bonding will be strong (Maiti et al.,1995) . However, it is generally accepted that a polymer, in the present investigation CMC is also a factor for better strength because of stronger cohesive forces within itself. The decrease in compressive strength when CMC concentration was increased from 0.5% to 1.5% may be high concentration of CMC (1.5%) somehow hindering the formation of basic microstructure, responsible for CS, that consists of C-S-H needles and C-S-H leafs, platy calcium hydroxide and ettringite crystals. The decrease in CS can also be explained by the fact that soft polymer might be present in the hardened cement which has the same effect as pores (Skalny et al.,1997) .
Setting time
In general organic polymer retards the setting of cement and concrete. The initial and final setting time of cement and PCC are shown in Table II . The hydration of tricalcium aluminate is responsible for the setting of cement. It is evident from the data that the initial and final setting time has been prolonged due to addition of 0.5 and 1.5% CMC which indicate that CMC acts as a set retarder.
It is the characteristic property of the functional group in the organic compound, its nature, chain length, etc which affects the cementitious properties of cement in which it is mixed. The mechanism of set retardation has been reported (Skalny et al.,1997) which may be primarily due to retarding of the hydration of 3CaO.SiO 2 through the chemisorption of organic molecule on to Ca(OH) 2 nuclei. Adsorption on to the initial hydration products of tricalcium aluminate can also retard further hydration (Singh et al., 1989) . The retardation process may also be due to the chemical interaction between the hydrating silicates, aluminate and organic compounds to yield amorphous materials in the cement matrix. The chelates of organic salts of calcium or aluminium formed during hydration are interspersed in the crystalline mass. They are quite insoluble and not removable from the stiffened mass of organic set retarding agent containing HC-OH group in their molecule, retard the rate of absorption of H 3 O + ions on cement surface and slow down the setting reactions (Skalny et al., 1997) .
Corrosive resistance
Sixty (60) days cured samples were used for corrosion studies. Corrosion tests were carried out by weight loss method in HCl acid media of different concentration (0.5, 1.0, 1.5 M HCl). Table III The test result indicates that CMC is effective to some extent to inhibit corrosion of the mortar samples when compared with reference OPC. The results show that for 0.5M HCl solution there is no significant difference in the wt. loss for the mortar specimens incorporating CMC after 7 days. With increase in the concentration of HCl, the polymer cement composite was found to be better acid resistant than OPC. Chandra et. al., 1987 has described the HCl attack as a reaction occurring in layers forming distinct zone and HCl dissolution of Ca(OH) 2 is well known. The acid resistance of PCC may be due to the reduced porosity which was also investigated by Gebauer et al., 1971 . It seems that in polymer mod- ified cements, the pores are filled with polymer or reactant products which reduce the porosity and capillary systems and resist corrosion. The HCl can attack the aluminates of cement phases which can form monochloroaluminate. They also transform hydrated calcite fibre into a more porous reticular network. The development of porosity in cement is probably due to leaching out of this monochloroaluminate (Ohama, 1997).
Porosity, Density, Water Absorbance and Chemically Bound Water of Polymer Cement Composite
The test results in Table IV indicate that the incorporation of CMC increased the bulk density, thereby decreasing the apparent porosity of the test specimens for CMC concentration up to 0.5%. The effect of polymer addition results in a decrease in the porosity, water absorbance of the PCC, although higher concentration of CMC (1.5%) caused an increase in the porosity of the composite cement. It is evident from this investigation that there is an optimum concentration of CMC at which the maximum density can be obtained. Decrease in the chemically combined water also indicates a retardation effect on the hydration of OPC when CMC concentration increased. During hardening of mortar, polymer can form another network in the material, which fills up pores in cement matrix and improves the bonding between aggregate and cement paste ( Fichet et al., 1998; Wu et al., 2002) and reduce porosity.
XRD Observation
The effect of CMC on the hydrated phases of cement was observed by analysing relative intensities of peaks in the XRD. The results are shown in Fig. 2, 3 , 4 and 5. When 4 months old hydrated OPC paste (Fig.2) was compared with 4 months old OPC-CMC (0.5% and 1.5%) pastes (Fig 4 and  5) small change in the diffractogram was observed. In the 4 months old OPC-CMC (0.5%) paste 3 new peaks appeared at angle 2θ (0.63, 0.47, 0.31) with corresponding d-spacing (2.62, 2.18 and 1.75)Å which remain unidentified. It is interesting to note that in the 4 months old hydrated OPC-CMC
Fig. 2. X-ray diffractogram of 4 months old hydrated OPC paste
(1.5%) paste (Fig. 5 ) the peak at angle 2θ 0.63 with corresponding d-spacing 2.62 disappeared but it was present in OPC-CMC (0.5%) and a shifting of peak was observed at 2θ 0.23 instead of 2θ 0.31 in OPC-CMC (0.5%). When 1 year old hydrated OPC paste (Fig. 3 ) was compared with 1 year old hydrated OPC-CMC ( Fig. 6 and 7 ) the diffractograms again showed similar characteristics such as appearance of new peaks and disappearance of some peaks as well as shifting of peaks. In the 1 year old hydrated OPC-CMC (0.5%) paste the new peaks appeared are at angle 2θ (25.75, 26.20, 28.22 and 56.67) with corresponding d-spacing (3.45, 3.39, 3.15 (12.34, 33.87, 34.45 and 44.20) with corresponding dspacing (7.16, 2.64, 2.60 and 2.04)Å. When concentration of CMC was increased to 1.5% two peaks at angle 2θ (16.19 and 34.54) with corresponding d-spacing (5.46 and 2.59)Å appeared which were not present in OPC-CMC (0.5%). The peaks which are now absent are at angle 2θ (26.20, 28.23, 30.26, 35.23, 45.87 and 56.67) with corresponding d-spacing (3.39, 3.15, 2.95, 2.54, 1.97 and 1.62 )Å. Careful examination of the diffractograms clearly indicates retardation of hydration in presence of CMC. Although this retardation effect was not observed in 1 year old OPC-CMC (0.5%) paste when compared with 1 year old hydrated OPC paste, but it is clearly evident in the 1 year old hydrated OPC-CMC (1.5%) paste. The decrease in relative intensity of CH peak in OPC-CMC (1.5%) reveals the retardation effect. The appearance of unhydrated alite, belite and ferrite phases in OPC-CMC (1.5%) (Fig. 7) is also an indication of this retarding effect (Singh et. al., 2002) . Therefore the results clearly indicate that some interaction between hydrated OPC and CMC might have occurred when CMC was incorporated in OPC. The major phases detected are shown in the XRD pattern (Fig. 4-7) . The main phases identified in all these pastes comprise CH, C-S-H, cordierite (magnesium aluminium silicate), CaCO 3 , nontronite (calcium aluminium iron silicate), krischsteinite (calcium iron silicate), tobermorite (calcium silicate hydrate) and monosulphate. The study clearly indicates that organic additive influences the hydration of cement because of chemical interaction. The ions or molecules formed during the hydration of cement are the controlling factor to the formation of OPC-CMC products. There were few unidentified peaks in OPC-CMC (1.5%) hydrated paste. The appearance of the new phases can be accounted for the increase in the CS of OPC-CMC (0.5%) hydrated specimen. It is very difficult to identify any new phases that might have formed when CMC was incorporated because cement is a very heterogeneous and complex system and there could be some overlapping of phases as well. 
Microstructure of Polymer Cement Composite
The microstructure of CMC (Fig. 8) and OPC-CMC hydrated paste of 28 days (0.5, 1.5%) is shown in Fig. 9 and Fig.  10 respectively. The microstructure of CMC shows its filmy nature. The 28 days hydrated sample shows the presence of filmy matter in the OPC-CMC paste, the filmy matters are more present in the sample containing 1.5% CMC. The films look like sheet which fills the pores. In the OPC-CMC (1.5%) hydrated paste (Fig. 10 ), though some films had made the hydrated structure denser, but they still shows their own filmy form (Fig. 10) . The denser hydrated paste is divided into small compartments as evident from the round shaped character. In the 1-year hydrated paste (Fig. 11) , (Fig.  12 ) though the filmy nature is evident but the structure looks more compact. The increase in the compressive strength of PCC (0.5%) can be attributed to the distribution of polymer particles in the hardened cement as a reinforcing particle through film formation that might have occurred in the cement matrix.
Conclusion
The present study indicates that polymer addition in OPC is effective for further improvement of CS, water resistance, reduced porosity and acid resistance, though an increase in setting time was found. The XRD and SEM observation indicate that organic polymer (CMC) influences the hydration of OPC and microstructure. 
